Introduction
============

Branch retinal vein occlusion is a common retinal vascular disorder and a common cause of visual loss in middle aged and elderly people.[@ref1] Pooled data from population based studies suggest that about 13.9 million adults are affected globally,[@ref2] and the 15 year incidence rate has been estimated to be 1.8%.[@ref3] The clinical manifestations are related to congestion, haemorrhage, ischaemia, and oedema upstream of the site of venous occlusion.[@ref1] The mechanism of vein occlusion, which occurs where a retinal artery crosses the affected vein, seems to be compression of the vein by a thickened retinal artery (figure[](#fig1){ref-type="fig"}). Because thrombosis is involved, branch retinal vein occlusion is thought to be related not only to peripheral artery disease but also to procoagulant disorders.

![Branch retinal vein occlusion of superotemporal branch vein in the right eye. (A) Fundus photograph showing widespread haemorrhages and axonal congestion (cotton wool spots; white circles) upstream of the venous occlusion and (B) fundus fluorescein late phase angiogram of the same eye showing a notch in a major vein (arrow) at the site where a branch vein drains into a trunk vein and has been compressed and wholly or partially occluded by an artery immediately to the left of the trunk vein. Impaired venous drainage at the site of compression is compensated, to some extent, by collaterals that drain to trunk veins with intact outflow](berm006919.f1_default){#fig1}

Risk factors for branch retinal vein occlusion that have been documented in previous clinical and epidemiological studies include arterial hypertension,[@ref4] [@ref5] [@ref6] [@ref7] diabetes mellitus,[@ref4] [@ref7] smoking,[@ref7] high body mass index (BMI),[@ref4] hypermetropia,[@ref8] [@ref9] high intraocular pressure,[@ref10] hyperhomocysteinaemia,[@ref11] [@ref12] [@ref13] deficiency in the protein C pathway,[@ref14] high α~2~ globulin concentrations,[@ref4] higher activated factor VII concentrations,[@ref15] and high blood viscosity.[@ref16] Not all of these associations have been consistently reproduced. Despite these associated comorbidities and a reported greater risk of cardiovascular disease,[@ref17] mortality rates of patients with branch retinal vein occlusion have been shown to be comparable with those of background populations.[@ref18] Some studies have shown an association between retinal vein occlusion (including both central and branch occlusion) and increased incidence rates of cerebrovascular disease in patients of all ages[@ref19] and with cardiovascular disease in patients under the age of 70.[@ref20] Other studies have reported normal incidence rates of stroke and myocardial infarction in patients with retinal vein occlusion.[@ref21] [@ref22]

We cannot assume that central and branch retinal vein occlusion to have common risk factors. In this study, we examined levels of comorbidity before and after the diagnosis of branch retinal vein occlusion, verified with fundus photography, compared with the general population. We assessed the relative contributions of arterial and venous disease to the risk of developing branch retinal vein occlusion and the relative risks of arterial and venous events after presentation.

Methods
=======

This was as a case-control study with prospective follow-up data from four secondary referral centres in Denmark (the ophthalmology departments at Aalborg, Odense, Glostrup, and Rigshospitalet) between 1976 and 2010 and reference data from the background population. The four referral centres cover an estimated 80% of diagnosis and treatment of retinal vein occlusion in Denmark. The study hypothesis, that branch retinal vein occlusion is associated with cardiovascular disorders and increased comorbidity that can be broken into arterial and venous components, arose before inspection of the anonymised data.

Inclusion criteria
------------------

We reviewed fundus photographs, fluorescein angiograms, and written records from patients examined and registered at the participating institutions with the diagnosis of branch retinal vein occlusion (ICD-10 (international classification of disease, 10th revision) code H.348) using the following criteria: branch retinal vein compression at an arteriovenous crossing outside the optic disc, upstream venous congestion, intraretinal haemorrhage, oedema, cotton wool spots, and vein-to-vein collaterals with adjacent branch veins in the absence of similar changes in the surrounding venous drainage units. In longstanding cases we accepted the absence of congestion, oedema, and haemorrhage if there were chronic changes such as fibrosis of the occluded branch vein near the site of occlusion. The concomitant finding of diabetic or non-diabetic microvascular retinopathy was accepted if present in both eyes.[@ref23] Patients with more than one branch retinal vein occlusion were enrolled on the basis of their first occlusion.

As controls, Statistics Denmark sampled people in the general population from the Danish Civil Registration System, which maintains vital information on all residents in Denmark from 1968 and later under unique personal identification numbers.[@ref24] All deaths in Denmark are recorded in this registry within two weeks. One hundred unduplicated controls per case (116 800 in total) were alive and aged ≥40 on the date of diagnosis in the corresponding case. As all cases and the selected controls were alive at the time of diagnosis of each corresponding case, the controls are set to enter the study at the same time as their corresponding case. Controls were not matched to cases by age, sex, or any other parameter. Socioeconomic data were extracted from the general data inventory of Statistics Denmark.

Comorbidity data
----------------

Comorbidity data for affected patients and controls were assessed with data from the Danish National Patient Registry and the Registry of Medicinal Product Statistics (RMPS). Established in 1977, the patient registry covers all private and public hospital admissions in Denmark and related diagnoses, using ICD-8 before 1995 and ICD-10 from 1995.[@ref25] From 1995 the Registry of Medicinal Product Statistics has recorded all dispensing of prescription drugs at pharmacies in Denmark by civil registration number, date, and type of drug (Anatomic Therapeutical Chemical (ATC) classification code).[@ref26]

We classified chronic conditions using hospital discharge diagnoses and drug prescriptions (for example, hypertension was assigned if use of antihypertensive drugs was registered) and based isolated events on hospital discharge diagnoses only (for example, stroke was assigned if a discharge diagnosis of stroke had been registered). All data were linked by personal identification numbers, anonymised, and analysed with SAS (version 9.2, SAS Institute, Cary, NC) on terminals linked to Statistics Denmark.

Study period
------------

We obtained survival and migration status up to 31 December 2010 from the Danish Civil Registration System. Comorbidity data, also obtained by 31 December 2010, were available from 1968 (Danish Civil Registration System), 1977 (Danish National Patient Registry), and 1994 (Registry of Medicinal Product Statistics) and onwards. We defined three periods of assessment for each patient: a 10 year period before the date of diagnosis; a one year period before the date of diagnosis; and the period after diagnosis, from the date of diagnosis to the date of censoring. Patients were censored at the first occurrence of an event other than branch retinal vein occlusion, at the date of their death, or at the end of follow-up on 31 December 2010, whichever came first. Only patients with a complete set of registry data for a given period were included in the analysis of that period. Analysis of the period after the diagnosis excluded individuals who had a given diagnosis before the diagnosis of branch retinal vein occlusion (for example, when we analysed the incidence rate ratio of myocardial infarction after branch retinal vein occlusion, we deleted all individuals with a previous diagnosis of myocardial infarction).

Statistics
----------

For each patient and each control, information on diagnosis, date of birth, sex, index date, age at index date, observation time, and outcome events were recorded. We carried out systematic testing of our dataset to find any missing data and extreme values. No extreme values were found but missing data were found for the socioeconomic variables with 20 missing income variables and 25 308 missing education variables. The missing data, however, were missing at random and found in equal proportions in cases and controls. To ensure that the missing education data did not have any impact on the analysis, we placed observations with missing data in a new category called unknown. Deletion of missing data was found not to influence the estimates. No data were deleted or added to the dataset.

The pooled population was divided into five age groups according to the age of participants at the index date: \<50, 50-59, 60-69, 70-79, and \>80. We used logistic regression to estimate the risk of branch retinal vein occlusion among the age groups, with the youngest age group as reference. Disposable income at the year of diagnosis was adjusted for inflation and divided into quarters. Employment status at the index date was classified as employed, out of work, or retired. The level of education was based on highest attained education at the time of diagnosis and was categorised into short (seven or nine years of mandatory primary school education for patients born before or after 1958, respectively), medium (eight or 10-12 years, completion of final primary school level, secondary school, or vocational education), and higher (≥12 years of education). We used logistic regression, adjusted for age at the index date, sex, and index year as categorical variables, to examine differences between patients and controls in terms of socioeconomic characteristics to evaluate whether these characteristics served as significant confounders.

We use the Charlson comorbidity index to summarise the participant's general health status in the 10 year period before the index date. This index takes into account 19 comorbid conditions, scoring each from one to six, based on their associated mortality risk.[@ref27] The comorbid conditions were assessed from the ICD-8, ICD-10, and ATC codes and used to calculate an index score for each patient and each control.[@ref28] [@ref29]

Risk factors during the 10 year and one year periods before the diagnosis of branch retinal vein occlusion were estimated with logistic regression analysis to calculate odds ratios and 95% confidence intervals for each potential risk factor. The odds ratios were adjusted for age group at the index date, sex, and index year as categorical variables. Adjustments for socioeconomic parameters, including income, employment, and highest education, did not affect the results and were not included in the final model. No interactions were identified by systematic testing.

The relative risks of developing cardiovascular disease and related disorders after the diagnosis were evaluated by excluding participants who had a given diagnosis before developing branch retinal vein occlusion. Incidence rate ratios and 95% confidence intervals were calculated as hazard ratios obtained from the Cox proportional hazard regression analysis. Initially, models were constructed with all covariates considered to be of potential influence. In the final model the hazard ratios were adjusted only by sex and index year as categorical variables, with age as the underlying time scale, as these were the significant confounders. No interactions were identified by systematic testing.

The risk of mortality in patients with branch retinal vein occlusion compared with controls was estimated by hazard ratios and 95% confidence intervals obtained from the Cox proportional hazard regression analysis, with age as the underlying time scale adjusted for sex and index year.

Results
=======

Of the 1168 patients with a photographically verified diagnosis of branch retinal vein occlusion most were aged 60-80 when they received the diagnosis. Of the 116 800 controls most were aged 40-70 on the index date. The odds of developing branch retinal vein occlusion increased significantly with age, peaking in the 70-79 age group. There were about equal proportions of men and women in patients and controls (table 1[](#tbl1){ref-type="table"}). There were no significant differences in the socioeconomic characteristics between patients and controls after we adjusted for age, index year, and sex. Hence, the socioeconomic characteristics did not seem to be significant confounders.

###### 

 Characteristics of study population comprising patients with branch retinal vein occlusion (BRVO) and controls from general population. Figures are numbers (percentage) of participants and odds ratios (95% confidence intervals)

                        BRVO (n=1168)   Controls (n=116 800)   Unadjusted                       Adjusted                                       
  --------------------- --------------- ---------------------- ---------------------- --------- ----------------------- ---------------------- ----------
  Age (years)\*:                                                                                                                               
   \<50                 88 (7.5)        35 919 (31)            (1.00)                 \<0.001                           (1.00)†                \<0.001†
   50-59                235 (20)        31 383 (27)            3.06 (2.39 to 3.90)              3.06 (2.39 to 3.91)†                           
   60-69                378 (32)        24 627 (21)            6.26 (4.96 to 7.90)              6.28 (4.98 to 7.93)†                           
   70-79                330 (28)        16 323 (14)            8.25 (6.52 to 10.45)             8.30 (6.55 to 10.50)†                          
   \>80                 137 (12)        8548 (7)               6.54 (4.99 to 8.56)              6.60 (5.04 to 8.65)†                           
  Men                   549 (47)        55 793 (48)            0.97 (0.86 to 1.09)    0.50                              0.95 (0.85 to 1.07)‡   0.43‡
  Women                 619 (53)        61 007 (52)                                                                                            
  Income (quarter):                                                                                                                            
   1                    577 (49)        55 575 (48)            1.07 (0.97 to 1.20)    0.20                              1.08 (0.96 to 1.20)§   0.18§
   2                    25 (1)          2456 (2.1)                                                                                             
   3                    289 (25)        29 067 (25)                                                                                            
   4                    275 (24)        29 131 (25)                                                                                            
  Employment:                                                                                                                                  
   Employed             533 (52)        54 622 (53)            0.95 (0.84 to 1.08)    0.49                              0.96 (0.85 to 1.08)§   0.48§
   Unemployed           24 (2)          2279 (2.2)                                                                                             
   Retired              477 (46)        46 808 (45)                                                                                            
  Highest education¶:                                                                                                                          
   Unknown              257 (22)        25 051 (22)            1.07 (0.97 to 1.19)    0.19                              1.06 (0.95 to 1.18)§   0.23§
   Short                365 (32)        35 556 (31)                                                                                            
   Medium               384 (33)        37 855 (33)                                                                                            
   Higher               153 (13)        17 537 (15)                                                                                            

\*By date of diagnosis in index case.

†Adjusted for sex and index year comparing risk of BRVO among age groups with youngest age group used as reference. P value calculated by trend test.

‡Adjusted for age group and index year.

§Adjusted for age group, sex, and index year. Analysis evaluates associations between socioeconomic status and risk of BRVO.

¶Short=7-9 years, medium=8-12, higher=≥12; see text for details.

In an age and sex adjusted multivariate logistic regression analysis of risk factors present in the periods of 10 years and one year before the diagnosis, peripheral artery disease (odds ratio 1.83, 1.14 to 2.95), arterial hypertension (2.16, 1.86 to 2.51), and diabetes (1.74, 1.40 to 2.17) were significant risk factors for the development of branch retinal vein occlusion (table 2[](#tbl2){ref-type="table"}). We found no significant effects for myocardial infarction, cerebrovascular disease, renal disease, use of oral contraceptives, or use of migraine drugs, including separate analyses of ergot alkaloids and triptans.

###### 

 Risk factors present 10 years and 1 year before diagnosis of branch retinal vein occlusion (BRVO). Figures are numbers (percentage) of participants and odds ratios (95% confidence intervals)

                                     10 year period before BRVO                         1 year period before BRVO                                                                
  ---------------------------------- ---------------------------- --------------------- --------------------------- --------- -- ---------- ------------- ---------------------- ---------
  Myocardial infarction              42 (3.8)                     3148 (2.8)            0.92 (0.67 to 1.25)         0.57         5 (0.4)    518 (0.5)     0.62 (0.26 to 1.5)     0.30
  Congestive heart failure           24 (2.2)                     2242 (2.0)            0.65 (0.44 to 1.01)         0.06         12 (1.0)   542 (0.5)     1.10 (0.61 to 2.00)    0.76
  Peripheral artery disease          49 (4.4)                     2297 (2.1)            1.43 (1.07 to 1.91)         0.02         18 (1.5)   623 (0.5)     1.83 (1.14 to 2.95)    0.009
  Peripheral venous disease          18 (1.6)                     1325 (1.2)            1.05 (0.66 to 1.68)         0.83         6 (0.5)    222 (0.2)     1.96 (0.87 to 4.45)    0.10
  Cerebrovascular disease            75 (6.8)                     4583 (4.1)            1.08 (0.85 to 1.37)         0.54         23 (2.0)   1055 (1.0)    1.38 (0.91 to 2.10)    0.13
  Liver disease                      7 (0.6)                      791 (0.7)             0.93 (0.44 to 1.97)         0.85         2 (0.2)    91 (0.1)      1.62 (0.51 to 5.09)    0.41
  Renal disease                      16 (1.4)                     832 (0.7)             1.42 (0.86 to 2.35)         0.17         7 (0.6)    298 (0.3)     1.64 (0.77 to 3.49)    0.20
  Diabetes with end organ damage     42 (3.8)                     1547 (1.4)            2.04 (1.49 to 2.80)         \<0.001      17 (1.5)   508 (0.4)     2.45 (1.50 to 4.00)    \<0.001
  Ischaemic heart disease            117 (11)                     7192 (6.5)            1.13 (0.93 to 1.38)         0.20         25 (2.1)   1731 (1.6)    0.95 (0.63 to 1.41)    0.78
  Hypercoagulability                 1 (0.1)                      75 (0.1)              ---                         ---          ---        ---           ---                    ---
  Diabetes†                          62 (13)                      3174 (6.5)            1.52 (1.16 to 1.99)         0.002        92 (11)    4151 (4.8)    1.74 (1.40 to 2.17)    \<0.001
  Hypertension†                      351 (72)                     20 445 (42)           2.24 (1.81 to 2.77)         \<0.001      511 (60)   26 634 (31)   2.16 (1.86 to 2.51)    \<0.001
  Cardiovascular disease†‡           386 (79)                     26 528 (54)           2.11 (1.68 to 2.65)         \<0.001      531 (62)   29 433 (34)   2.07 (1.79 to 2.40)    \<0.001
  Oral contraceptives§               18 (3.7)                     4008 (8.2)            1.56 (0.88 to 2.74)         0.30         2 (0.2)    258 (0.3)     3.28 (0.79 to 13.61)   0.11
  Migraine drugs§                    24 (4.9)                     2318 (4.7)            1.42 (0.93 to 2.16)         0.45         11 (1.3)   1510 (1.8)    1.08 (0.59 to 1.96)    0.81
  Average Charlson index (95% CI)†   0.99 (0.90 to 1.09)          0.65 (0.64 to 0.66)   1.21 (1.08 to 1.36)         0.001        ---        ---           ---                    ---

\*Logistic regression estimating odds ratio (OR) adjusted for age, sex, and index year to evaluate risk factors for BRVO.

†Diagnoses based on both hospital discharge diagnoses and drug prescriptions.

‡Cardiovascular disease includes hypertension, cerebrovascular disease, ischaemic heart disease, congestive heart failure, peripheral vascular disease, and use of cardiovascular drugs.

§Diagnoses based on drug prescriptions only (remaining diagnoses based on hospital discharge diagnoses only).

The mean follow-up after the diagnosis of branch retinal vein occlusion was 7.0 years (SD 6.5 years). Multiple adjusted incidence rate ratios for the risk of developing a condition after the diagnosis were higher (table 3[](#tbl3){ref-type="table"}), including the incidence of arterial hypertension (incidence rate ratio 1.37, 1.15 to 1.57), diabetes (1.51, 1.17 to 2.04), congestive heart failure (1.41, 1.12 to 1.68), and cerebrovascular disease (1.49, 1.27 to 1.76). There was no significantly increased risk of developing ischaemic heart disease or myocardial infarction after the diagnosis.

###### 

 Risks of incident comorbidity after diagnosis of branch retinal vein occlusion (BRVO). Figures are numbers (percentage) of participants and incidence rate ratios (95% confidence intervals)

                              BRVO cases   Controls      IRR (95%CI)\*         P value
  --------------------------- ------------ ------------- --------------------- ---------
  Hypertension†               188 (30)     14 688 (17)   1.37 (1.15 to 1.57)   \<0.001
  Diabetes†                   52 (5.1)     2976 (2.8)    1.51 (1.17 to 2.04)   0.002
  Myocardial infarction       61 (5.7)     3381 (3.1)    1.24 (0.97 to 1.62)   0.10
  Congestive heart failure    96 (8.9)     4401 (4.0)    1.41 (1.12 to 1.68)   0.001
  Ischaemic heart disease     123 (12)     7532 (7.2)    1.21 (0.97 to 1.41)   0.11
  Peripheral artery disease   63 (6.0)     3375 (3.1)    1.26 (0.98 to 1.62)   0.10
  Peripheral venous disease   24 (2.2)     1445 (1.3)    1.24 (0.83 to 1.86)   0.30
  Cerebrovascular disease     145 (15)     6415 (6.0)    1.49 (1.27 to 1.76)   \<0.001
  Cardiovascular disease†‡    197 (33)     18 184 (22)   1.15 (0.99 to 1.32)   0.07

\*Cox regression model estimating incidence rate ratio (IRR) with age as underlying timescale adjusted for sex and index year.

†Diagnoses based on hospital discharge diagnoses and drug prescriptions (remaining diagnoses based on hospital discharge diagnoses only).

‡Cardiovascular disease includes hypertension, cerebrovascular disease, ischaemic heart disease, congestive heart failure, peripheral vascular disease, and cardiovascular drugs.

In a Cox regression model, adjusted for sex and year of diagnosis and with age as the underlying time scale, the mortality was not increased in patients with branch retinal vein occlusion (hazard ratio 0.94, 0.85 to 1.05; P=0.30) compared with controls.

Discussion
==========

In this hospital based study of comorbidity in patients with branch retinal vein occlusion verified with fundus photography over a mean period of 17 years, we found that the risk of developing branch retinal vein occlusion increased prominently with age, reaching its highest level in people aged 70-79. Before the diagnosis of branch retinal vein occlusion, people who would eventually develop this condition had higher overall comorbidity, and hypertension, diabetes, and peripheral artery disease were more prevalent than in the background population. After receiving a diagnosis, patients without a history of these disorders were more likely than the background population to develop arterial hypertension, diabetes, congestive heart failure, and cerebrovascular disease, and their overall burden of disease was increased.

Comparison with other studies
-----------------------------

Our findings are consistent with those from a recent cohort study based on healthcare claims databases from the United States. The study reported an increased incidence rate (incidence rate ratio 1.72, 95% confidence interval 1.27 to 2.34) of cerebrovascular disease and a higher comorbidity index in patients with retinal vein occlusion compared with the general population.[@ref19] It also reported that the event rates for myocardial infarction were similar in patients with retinal vein occlusion and controls. The conclusion persisted after a subgroup analysis was performed for people with branch retinal vein occlusion and central retinal vein occlusion.

Studies from Taiwan found that retinal vein occlusion was not independently associated with an increased risk of acute myocardial infarction, and an association between incident stroke and retinal vein occlusion was found only in the subgroup of patients aged 60-69.[@ref21] [@ref22] Other follow-up studies with fewer observations have found less consistent results, including both the presence and the absence of correlations between myocardial infarction and cerebrovascular disease.[@ref20] [@ref30] [@ref31]

The risk factors identified in the current study related to the development of branch retinal vein occlusion included diabetes and hypertension, which have also been consistently identified in cross sectional[@ref32] [@ref33] [@ref34] [@ref35] and follow-up[@ref4] [@ref5] [@ref6] [@ref7] [@ref30] [@ref31] studies. Previously reported risk factors from cross sectional studies that were not identified in this study include coronary artery disease[@ref32] and kidney disease.[@ref34]

Coagulation characteristics have been investigated for their potential involvement in retinal vein occlusion, and reported associations have linked retinal vein occlusion to hyperhomocysteinaemia,[@ref11] [@ref12] [@ref13] deficiency in the protein C pathway,[@ref14] high α~2~ globulin concentrations,[@ref4] higher activated factor VII concentrations,[@ref15] and increased blood viscosity.[@ref16] A meta-analysis of 26 studies suggested that only hyperhomocysteinaemia and anticardiolipin antibody concentrations were significantly independently associated with retinal vein occlusion,[@ref36] while another meta-analysis supported an effect of hyperhomocysteinaemia.[@ref37] Studies of specific risk factors for branch retinal vein occlusion, however, have found an association only with higher concentrations of activated factor VII in patients of all ages[@ref15] and factor XII deficiency in patients aged ≤45.[@ref38] Other studies of specific risk factors found no associations with thrombophilia.[@ref39] [@ref40] In the present study, only a single patient with branch retinal vein occlusion out of 1168 had been registered with a diagnosis of hypercoagulability within 10 years before the diagnosis. Thus, our results indicate that the contribution of clinically apparent hypercoagulability disorders to branch retinal vein occlusion is small at an epidemiological level. We cannot, however, exclude the possibility that hypercoagulability can contribute in individual cases.

We also found peripheral artery disease to be a risk factor for incident branch retinal vein occlusion, whereas peripheral venous disease was not. This observation supports previous findings that branch retinal vein occlusion is a consequence of arteriolar wall thickening. To the best of our knowledge, this is the first study to report peripheral artery disease as an isolated risk factor.[@ref41]

An association between migraine and branch retinal vein occlusion has previously been reported.[@ref3] In our study the use of migraine drugs, including ergot alkaloids and triptans, had no detectable effect on its development. Our study was limited, however, by being based on hospital records, meaning that patients with a diagnosis of migraine in primary care could be identified only if they used prescription drugs that are specific for migraine.

In contrast with earlier studies that found oral contraceptives to be a risk factor for retinal vein occlusion,[@ref42] we found no such association. Our patients, however, were generally older than the typical user of oral contraceptives and hence the study was not ideally suited to examine this issue.[@ref43]

We found no significant difference in mortality between patients with branch retinal vein occlusion and controls, despite the association we found between branch retinal vein occlusion and cardiovascular comorbidities. This is comparable with previous studies of mortality risk in patients with branch retinal vein occlusion,[@ref18] [@ref20] [@ref31] in which the 329 patients in the Danish paper by Christoffersen and colleagues,[@ref18] are a subset of the 1168 patients in the present study. Several explanations for this apparent contradiction have been proposed, including a survival effect of the participants who survived with arterial wall thickening to develop branch retinal vein occlusion and the effect of interventions against cardiovascular risk factors prompted by the occlusion. Hypothetically, thickening of the arterial wall in arteries such as those of the retina, which have a typical lumen diameter of 100 µm, can also help reduce the transmission of high arterial blood pressure to the capillary bed and thus protect against microangiopathy.

Strengths and limitations of the study
--------------------------------------

Many previous comorbidity studies were small retrospective case series[@ref20] [@ref30] or case-control studies without a well defined follow-up period[@ref4] [@ref20] [@ref30] [@ref32] [@ref34] [@ref35] and where photographic verification was often not available.[@ref19] [@ref21] [@ref22] Additionally, many studies made no distinction between branch and central retinal vein occlusion,[@ref6] [@ref20] [@ref21] [@ref22] [@ref31] [@ref32] [@ref35] although the two have long been known to have different risk factors.[@ref33] [@ref44] The main strength our study, which is among the largest performed to date, was that it had access to systemically collected health data recorded in well defined study periods before and after the diagnosis for both cases and the background population. Furthermore, the diagnosis was verified in all cases by reviewing fundus photographic records.

The hospital based diagnoses of branch retinal vein occlusion in this study might have conferred a selection bias in favour of the enrolment of more symptomatic cases, patients most likely to respond to treatment, and patients without other health problems that might deter them from seeking care for poor vision. Specifically, we are likely to have missed peripheral and small macular branch retinal vein occlusions, which are often asymptomatic. We must therefore assume that our study, has a relative over-representation of fovea involving cystoid macular oedema, which is the main cause of visual impairment in patients with branch retinal vein occlusion.[@ref41] These biases could have led to conclusions that differ from those of population based studies. Asymptomatic cases were included in the study, however, as a result of incidental findings made during examination for other ocular disorders.

Diabetic retinopathy makes the diagnosis of branch retinal vein occlusion more challenging. Hence, we chose to exclude cases in which no clear diagnosis could be made. This could potentially have biased our study towards identifying a lower impact level for diabetes as a risk factor.

We assessed comorbidity using registry data, which made the analysis vulnerable to misclassifications and missing data. Systematic testing of our dataset, however, suggests that potential errors were found in equal proportions in cases and controls, and all missing data were found to be missing at random. Validation studies of Danish national registries have previously been published.[@ref24] [@ref25] [@ref26]

Conclusions
-----------

Our study supports the theory that branch retinal vein occlusion is a marker of progressive cardiovascular disease that should be included in the risk assessment of patients for preventive intervention. General practitioners play an important role in the medical management of branch retinal vein occlusion through the identification and management of modifiable risk factors. Our study supports the importance of following the guidelines for medical management suggested by the Royal College of Ophthalmologists and discussed in a recent review of management of retinal vein occlusion.[@ref45] Investigations and interventions prompted by the diagnosis of branch retinal vein occlusion should focus on arterial hypertension, hyperlipidaemia, and diabetes. The condition in itself does not warrant anticoagulant treatment.

### What is already known on this topic

1.  Branch retinal vein occlusion has been inconsistently associated with diabetes and cardiovascular disease, including arterial hypertension

2.  Many previous comorbidity studies have had conflicting results and varied widely with regards to study design, population size, and photographic verification of the diagnosis, and have not always distinguished between branch and central retinal vein occlusion

### What this study adds

1.  This large study assessed comorbidity before and after the diagnosis of photographically verified branch retinal vein occlusion

2.  Risk factors for incident branch retinal vein occlusion were hypertension, diabetes, peripheral artery disease, and increasing age

3.  The comorbidities that developed after diagnosis were dominated by the same conditions plus congestive heart failure and cerebrovascular disease

4.  The results fit the assumption that branch retinal vein occlusion is a consequence of arterial wall thickening and supports that endothelial damage caused by shear stress at arteriovenous crossings where the retinal veins are compressed is more important than a prothrombotic disposition
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